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[57] ' ABSTRACT

In a steam generator for a pressurized water type nu-
clear reactor, for the purpose of isolating a water cham-
ber in the steam generator from a coolant piping com-
municating with the water chamber, a plug is disposed
in a nozzle section of the coolant piping, the plug is
supported by a support arm having an angle adjusting
screw and fixedly secured to a mount seat at a manhole
communicating with the water chamber, and prefera-
bly, a cover i1s provided on the mount seat at the man-
hole.

23 Claims, 4 Drawing Sheets
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ISOLATING DEVICE FOR A WATER CHAMBER

IN A STEAM GENERATOR FOR A NUCLEAR
REACTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an isolating device
for a water chamber in a steam generator for a nuclear

reactor.

2. Description of the Prior Art

In a pressurized water type nuclear reactor, as shown
in FIG. 8, a nuclear reactor vessel (01), a water chamber
(02a) in a steam generator (02) and a coolant pump (03)
are mutually connected with one another by means of
coolant pipes (04) to form a coolant circulating loop.

And in an atomic power plant, for the purpose of
inspection for confirming safety of the component in-
struments and the systems as well as replacement of the

2

reference to the following description of preferred em-
bodiments of the invention taken in conjunction with
the accompanying drawings. |

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
FIG. 1 is a side view of a water chamber isolating

- device according to one preferred embodiment of the
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fuels, operation of the nuclear reactor is interrupted 20

nearly once a year.

Upon the inspection and fuel replacement, tasks relat-
ing to the nuclear reactor such as opening of a nuclear
reactor vessel, extraction of fuels, inspection of a reac-
tor core, charging of fuels, reassembly of a nuclear
reactor, etc. are carried out in shielding water after the
nuclear reactor vessel (01), a nuclear reactor cavity (05)
and the like have been filled with shielding water. Then,
inspection of thin tubes in the steam generator to be
effected at that time is necessitated to be carried out
under the condition that the water has been extracted,
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but the tasks relating to the nuclear reactor and the

inspection of the thin tubes in the steam generator can-
not be performed simultaneously, because the shielding
water is filled during the work relating to the nuclear
reactor. Accordingly, the time required for the inspec-
tion would become long, and this would limit improve-
ment of the rate of operation of the atomic power plant.
The present invention has been worked out in view of
the above-mentioned background in the art.

SUMMARY OF THE INVENTION

It is therefore one object of the present invention to
provide a novel isolating device for a water chamber in

a steam generator for a nuclear reactor, which can reli-

ably isolate the water chamber in the steam generator
from nuclear reactor coolant pipes, a nuclear reactor
vessel, a nuclear reactor cavity and the like and thereby
makes it possible to carry out inspection of thin tubes in
the steam generator simultaneously with the perfor-
mance of other tasks relating to the nuclear reactor.

According to one feature of the present invention,

there is provided an isolating device for a water cham-
ber in a steam generator for a nuclear reactor which
steam generator includes, at its bottom, a water cham-
ber communicating with a nuclear reactor vessel via
coolant pipings and having a nozzle section formed
between the water chamber and the coolant piping,

which isolating device comprises a support arm having
its outer end mounted to a manhole section of the water 60

chamber and its inner end butted against an inner sur-
- face of the nozzle section, a plug pivotably attached to
a tip end portion of the support arm and positioned
within the nozzle section, and an angle adjusting screw
- interposed between the plug and the support arm, the
plug being constructed in a foldable manner.

The above-mentioned and other features and objects
of the present invention will become more apparent by

335
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present invention; .

FIG. 2(a) is a plan view of a seal lid included in the
water chamber isolating device in FIG. 1;

FI1G. 2(b) is a cross-sectional view of the seal lid taken
along line b—b in FIG. 2(a);

FIG. 3(a) 1s a plan view of a hold plate included in the
water chamber isolating device in FIG. 1;

FIG. 3(b) 1s a cross-sectional view of the hold plate
taken along line b’—b’ in FIG. 3(a);

FIG. 4(a) is a plan view showing an assembled state
of a mount plate and a support arm;

FIG. 4(b) is a cross-sectional view taken along line
b"—b" in FIG. 4(a);

FIG. 5(a) 1s a plan view showing a modified embodl-

“ment of the sea lid;

FIG. 3(b) is a cross-sectional view taken along line
b"'—b"" in FIG. 5(a),

FIG. 6 is a side view of a water chamber isolating
device;

FIG. 7(a) is a cross-sectional view showing closure
means for a manhole; |
FIG. 7(b) 1s a schematic view taken along line
b"”""—b"" in FIG. 7(a) as viewed in the direction of

arrows; and |
FIG. 8 is a system diagram showmg an outline of a

' pressunzed water type nuclear reactor.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following, a water chamber isolating device
(50) according to one preferred embodiment of the
present invention will be described in more detail with
reference to FIGS. 1 to 7.

In FIG. 1, a water chamber (1) communicated with a
nuclear reactor vessel via coolant piping communicates
with a nozzle section (2) of the coolant piping, and at a
manhole (25) communicating with the water chamber
(1) is formed a mount seat (3) for a cover (not shown).
A plug (4) disposed within the nozzle section (2) con-
sists of a circular plate shaped seal lid (5), a hold plate
(6), a mount plate (7) and the like, and it occupies a
principal portion of the water chamber isolating device
(50). A rigid support frame comprising a rigid support
arm (8) has its one end detachably secured to the mount
seat (3) at the manhole (25) by means of bolts (9) and the
other end engaged with an inner wall surface of the
nozzle section (2)." An attitude of the plug (4) is held in
a favorable manner by means of an angle adjusting
screw (10) comprising a threaded support rod inter-
posed between the support arm (8) and the mount plate
(7). The seal lid (5) has a diameter greater than that of
the manhole but is formed of a lid member and hinges
(11), the lid member being foldable in three rigid plate-
shaped pieces at hinges (11) as shown in FIG. 2(a) (by
dash lines) and in FIG. 2(b) (by dash-dot lines) in order
that it can be brought into the water chamber (1)
through the manhole (25), and onto the bottom and top
- surfaces of the seal lid (§) are attached rubber seal plates
(12) and (13), respectively. In addition, four stud bolts
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- (14) for integfally fastening the hold plate (6) and the

mount plate (7) are fixedly secured to the seal lid (5).

‘The hold plate (6), also having a diameter greater than
that of the manhole, is divided into two pieces as shown
- in FIGS. 3(a) and 3(b) in order that it can be brought
into the water chamber (1) through the manhole (25)

which is smaller than (has a diameter smaller than that

~of) the nozzle section (2), and it is provided with mush-
room-shaped bolt-holes (15) through which the stud

bolis (14) penetrate, in order to facilitate positioning of 10

- the hold plate (6). The mount plate (7) is provided with

brackets (16) projecting from its top surface at its one

end as shown in FIGS. 4(a) and 4(b), and these brackets

(16) are pivotably engaged with a pin (17) which is in
turn pivotably engaged with brackets (18) projecting
from the bottom surface of the support arm (8) at its one

15

end. In addition, in a seat (19) fixedly secured 0 a cen-

- tral portion of the top surface of the mount plate (7) is

fitted a sphere (20) provided at the bottom end of the
- angle adjusting screw (10) so as to be able to perform a

~ precession motion. The angle adjusting screw (10) is

threadedly mated with a threaded hole (22) in a cylin-

‘drical pin (21) that is slidably and rotatably supported

by the support arm (8) and extends through the hole
(22), and a rectangular surface (23) is formed at the top
end of the angle adjusting screw (10). In the mount plate

| 4 _

Thus, when the blocking of the nozzle section (2) by
the plug (4) has been completed, water is poured into
the nuclear reactor cavity (05). Then, the water reaches
the nozzle section (2) through the coolant piping (04), a
hydraulic pressure of about 1 kg/cm? is exerted upon
the bottom surface of the plug (4), hence the rubber
plate (12) attached to the bottom surface of the seal lid
(5) is brought into press-contact with the inner wall
surface of the nozzle section (2) to seal the plug (4), and

at the same time, the force applied to the plug (4) by this
hydraulic pressure is borne by the inner wall surface of

the nozzle section (2) via the tip end of the support arm
(8).

In this way, the steam generator can be isolated from
the other primary cooling systems, so that under this
condition, inspection of the thin tubes in the steam gen-
erator can be carried out as by means of a robot or the
like, and simultaneously with this thin tube inspection,

~ routine inspection tasks relating to the nuclear reactor

20
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(7 are also formed mushroom-shaped bolt-holes (24)

through which the stud bolts (14) penetrate, in order to
facilitate positioning of the mount plate (7).

~ Then, under the condition that water has been ex-
tracted from the coolant circulating loop including the
steam generator and the manhole (25) has been opened,
the water chamber isolating device (50) is mounted.

More partlcularly, after the seal lid (5) has been folded

in three pieces and thus brought into the water chamber
(1) through the manhole (285), it is again extended into a
plate shape within the water chamber (1). Subsequently,
the hold plate (6) is brought into the water chamber (1)
through the manhole (25) as divided into two pieces.
Furthermore, the mount plate (7) and the support arm

30
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(8) are brought into the water chamber (1) through the

manhole (25) in the assembled state as shown in FIGS.
4{(a) and 4(b). Then the hold plate (6) is superposed on

- the seal lid (§), further the mount plate (7) is superposed

- thereon with the stud bolts (14) penetrated through the
- mushroom-shaped bolt-holes (15) and (24) to effect

- positioning, nuts (26a) are threadedly engaged with the

- top ends of the stud bolts (14) and fastened, and thereby
the plug (4) is assembled. Next, if the angle adjusting
screw (10) is rotated by engaging a spanner or the like
~ with the rectangular surface (23) formed at the top end
~ of the screw (10), then the plug (4) is rotated about the

~ pin (17) and forms a predetermined angle with respect
to the support arm (8). Then, the plug (4) is inserted into
the nozzie section (2), and under the condition that the
tip end of the support arm (8) is engaged with the inner
wall surface of the nozzle section (2), the base end of the
support arm (8) is fixedly secured to the mount seat (3)
at the manhole (25) by means of the bolts (9). In this
way, blockmg of the nozzle section (2) by means of the
plug (4) is completed. It is to be noted that the seal lid
(3) could be modified in such manner that it is divided
into two pieces as shown in FIGS. 5(a) and 5(b) and the
two pieces are connected by the rubber plate (12) se-
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cured to their bottom surfaces so as to be folded in two

pieces as shown by dash-dot lines. Moreover, as shown
in FIG. 6, the hold plate (6) could be omitted.

can be effected.

In order to prevent leakage water from flowing out of
the water chamber (1) in the event that water should
leak through the plug (4) provided in the nozzle section
(2), the manhole (25) is closed by a cover (26) as shown
in FIGS. 7(a) and 7(b). The cover (26) is connected to a

seat plate (28) so as to be swingable about a hinge (27),

and the seat plate (28) is fastened to the mount seat (3)
at the manhole (25) by means of bolts (29) and nuts (30).

By rotating levers (31) in the direction of arrows, which
levers are mounted so as to be rotatable about the bolts
(29), the tip ends of the levers (31) are brought into
contact with the outwardly convexed outer surface of
the cover (26), and hence the cover (26) is brought into
tight contact with the seat plate (28). Reference numeral
(32) designates a handle provided on the outer surface
of the cover (26), numeral (33) designates a robot for

‘inspection and repair of the thin tubes in the steam gen-

erator, numeral (34) designates a cable for controlling
the robot (33), which cable extends externally through a
seal (35) provided at the center of the cover (26). Upon
inspection and repair of the thin tubes in the steam gen-
erator, the manhole (25) is opened while the cover (26)
18 kept in the state shown by dash-dot lines in FIG. 7(a),
but in the event that water should leak through the plug
(4), the manhole (25) is closed by rotating the cover (26)
about the hinge (27) while gripping the handle (32),
then the cover (26) is brought into tight contact with
the seat plate (28) by rotating the levers (31) about the

bolts (29) in the direction of arrows, and thereby the

leakage water through the plug (4) is prevented from
flowing out through the manhole (2§).

Accordmg to the present invention, owing to the fact
that a plug is dlsposed in a nozzle section of a coolant
piping communicating with a water chamber in a steam
generator for a pressurized water type nuclear reactor,
the plug is supported by a support arm having an angle
adjusting screw and fixedly secured to a mount seat at a
manhole communicating with the same water chamber
and a cover 1s provided on the mount seat at the same
manhole, the nozzle section of the coolant piping com-
municating with the water chamber in the steam gener-
ator can be blocked by the plug and thereby the steam
generator can be isolated from the other primary cooll-
ing systems. Accordingly, inspection and repair of thin
tubes in the steam generator as well as routine inspec-
tion tasks relating to the nuclear reactor can be carried
out in parallel and simultaneously, so that the period of
routine inspection can be shortened, and therefore, the
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present invention can contribute to reduction of expo-
sure to radiation and enhancement of an operation rate
of an atomic power station. Moreover, since the plug is
supported at a predetermined attitude from the support
arm fixedly secured to the amount seat at the manhole
by means of the angle adjusting screw, and since a hy-
draulic pressure applied to the plug is borne by the
steam generator via the support arm, a special support
means is unnecessary. Furthermore, owing to the fact

that a cover is provided on the mount seat at the man-
hole, even if water should leak through the plug, the

leakage water can be prevented from flowing out
through the manhole. |

Since many changes and modifications can be made
to the above-described construction without departing
from the spirit of the present invention, it is intended
that all matter contained in the above description and
illustrated in the accompanying drawings shall be inter-
preted to be illustrative and not as a limitation to the
scope of the invention.

What is claimed is:

1. In a nuclear reactor having a nuclear reactor pres-
sure vessel and a steam generator, said steam generator
including a vertical outer shell and a water chamber

located at a lower end of said outer shell, communicat-

ing with said nuclear reactor pressure vessel via coolant
piping having a nozzle portion and a manhole in and
through a wall of said outer shell of cross-sectional area
less than the cross-sectional area of said nozzle portion,
the improvement wherein said reactor includes an iso-
lating device for said water chamber which comprises a
rigid support frame extending through said manhole to
said nozzle portion; a plug; plug mounting means pivot-
ably mounting said plug on a tip end portion of said

support frame; and means for adjusting an angle of said-

plug with respect to said support frame so as to position
said plug snugly within said nozzle portion, said angle
adjusting means including an adjusting screw extending
between said support frame and said plug, said screw
being in threaded engagement with one of said support
frame and said plug to pivot said plug towards or away
from said support frame upon rotation of said screw;
said plug including a steel lid and a mount plate, said
steel lid including a lid member and two flexible seal
plates respectively affixed on opposite faces of said lid
member, said mount plate removably attached at a front
face thereof to one side of said seal lid with one of said
seal plates disposed between said lid member and said
mount plate, said lid member having a cross-sectional
area grater than said cross-sectional area of said man-
hole and being formed of at least two rigid plate mem-
bers and connecting means for pivotably connecting
said at least two rigid plate members such that said seal
lid is foldable at said connecting means into a shape
permitting said seal lid to pass out of said water cham-
ber through said manhole when said mount plate is not
attached to said seal lid.

2. The improvement as in claim 1, further comprising
means for removably fixing said at least two rigid plate
members to said mount plate and for preventing pivotal

6

plate and said hold plates together, each of said hold

plates having such cross-sectional area as to permit

- individual passage thereof through said manhole when

10
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separated from said seal lid and said mount plate.

4. The improvement as in claim 3, wherein said lid
member 1s circularly plate-shaped, said at least two rigid
plate members including two semicircular segment
plates and a center plate joined by said connecting
means to satd segment plates, said connecting means
comprising hinges pivotably connecting opposite sides
of said center plate to said segment plates, said hold
plates forming a circular plate member consisting of
two semicircular plates facing each other along diamet-
rically extending edges thereof.

S. The improvement as in claim 4, wherein said two
flexible seal plates are circularly shaped and have diam-
eters greater than those of said circular plate member
and said lid member, outer peripheral edges of said two
flexible seal plates engaging an inner peripheral surface
of said nozzle portion.

6. The improvement as in claim 5, wherein said man-

~ hole and said nozzle portion have circular cross sec-

25

tions, the diameter of the cross section of said manhole
being less than the diameter of the cross section of said
nozzle portion.

7. The improvement as in claim 1, further comprising
a cover removably closing said manhole in water tight

relationship.

8. The improvement as in claim 1, wherein said ad-

30 justing screw is a support rod rotatably mounted at one

35

end thereof on said support frame in threaded engage-

ment with said support frame, said support rod engag-

ing a back face of said mount plate opposite said front
face at an end of said support rod opposite said one end
such that screw rotation of said support rod pivots said

- plug about said plug mounting means.
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movement of said at least two rigid plate members rela-

tive to each other and said mount plate.

3. The improvement as in claim 2, wherein said re-
movably fixing means includes side-by-side hold plates
removably sandwiched between said seal lid and said
‘mount plate, bolts extending from said seal lid through
aligned holes in said hold plates and said mount plate,

and nuts on said bolts fastening said seal lid, said mount

65

9. The improvement as in claim 1, wherein said man-
hole and said nozzle portion have circular cross sec-
tions, the diameter of the cross section of said manhole
being less than the diameter of the cross section of said
nozzle portion. |

10. In a nuclear reactor having a nuclear reactor
pressure vessel and a steam generator, said steam gener-
ator including a vertical outer shell and a water cham-

ber located at a lower end of said outer shell, communi-
cating with said nuclear reactor pressure vessel via

coolant piping having a nozzle portion and a manhole in
and through a wall of said outer shell of cross-sectional
area less than the cross-sectional area of said nozzle
portion, the improvement wherein said reactor includes
an isolating device for said water chamber which com-
prises a rigid support frame extending through said
manhole to said nozzle portion; a plug; plug mounting
means pivotably mounting said plug on a tip end portion
of said support frame; and means for adjusting an angle
of said plug with respect to said support frame so as to
position said plug snugly within said nozzle portion;
said plug including a seal lid and a mount plate, said seal
lid including a lid member and two flexible seal plates
respectively affixed on opposite faces of said lid mem-
ber, said mount plate removably attached at a front face
thereof to one side of said seal lid with one of said seal
plates disposed between said lid member and said mount
plate, said lid member having a cross-sectional area
greater than said cross-sectional area of said manhole
and being formed of at least two rigid plate members
and connecting means for pivotably connecting said at

-~ least two rigid plate members such that said seal lid is
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- foldable at said connecting means into a shape permit-
ting said seal lid to pass out of said water chamber
through said manhole when said mount plate is not
. attached to said seal lid, and means for removably fixing
said at lest two rigid plate members to said mount plate 5
and for preventing pivotal movement of said at least
- two rigid plate members relative to each other and said
mount plate, said removably fixing means including
side-by-side hold plates removably sandwiched be-

tween said seal lid and said mount plate, bolts extending
from said seal lid through aligned holes in said hold

plates and said mount plate, and nuts on said bolts fas-
tening said seal lid, said mount plate and said hold plates
together, each of said hold plates having such cross-sec-
tional area as to permit individual passage thereof 15
through said manhole when separated from said seal lid
and said mount plate. | |
- 11. The improvement as in claim 10, wherein said lid
member is circularly plate-shaped, said at least two rigid
plate members including two semicircular segment 20
- plates and a center plate joined by said connecting
means to said segment plates, said connecting means
comprising hinges pivotably connecting opposite sides
of said center plate to said segment plates, said hold
plates forming a circular plate member consisting of 25
two semicircular plates facing each other along diamet-
rically extendmg edges thereof. |
12. The improvement as in claim 11, wherein said two
flexible seal plates are circularly shaped and have diam-

10

30
- and said lid member, outer peripheral edges of said two
flexible seal plates engaging an inner peripheral surface
of said nozzle portion.

13. The improvement as in claim 12, wherein said
-manhole and said nozzle portion have circular cross
sections, the diameter of the cross section of said man-
hole being less than the diameter of the cross section of
said nozzle portion.

14. The improvement as in claim 10, further compns-
~ ing a cover removably closing said manhole in water

tight relationship.

15. The improvement as in claim 10, wherein said
angle adjusting means includes a support rod rotatably
mounted at one end thereof on said support frame in
threaded engagement with said support frame, said
suppori rod engaging a back face of said mount plate
opposite said front face at an end of said support rod
opposite said one end such that screw rotation of said
support rod pivotis said plug about said plug mounting
means. |

16. In a nuclear reactor having a nuclear reactor
~ pressure vessel and a steam generator, said steam gener-
~ator including a vertical outer shell and a water cham-
ber located at a lower end of said outer shell, communi-
cating with said nuclear reactor pressure vessel via

33
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. coolant piping having a nozzle portion and a manhole in

and through a wall of said outer shell of cross-sectional
area less than the cross-sectional area of said nozzle
portion, the improvement wherein said reactor includes
an isolating device for said water chamber which com-
prises a rigid support frame extending through said
manhole to said nozle portion; a plug; plug mounting
means pivotably mounting said plug on a tip end portion
- of said support frame; and means for adjusting an angle
- of said plug with respect to said support frame so as to
position said plug snugly within said nozzle portion:
- said plug including a seal lid and a mount plate, said seal

65
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lid including a lid member and two flexible seal plates

- respectively affixed on opposite faces of said lid mem-
ber, said mount plate removably attached at a front face

thereof to one side of said seal lid with one of said seal
plates disposed between said lid member and said mount

- plate, said lid member having a cross-sectional area

greater than said cross-sectional area of said manhole
and being formed of at least two rigid plate members
and connecting means for pivotably connecting said at
least two rigid plate members such that said seal lid is

- foldable at said connecting means into a shape permit-

ting said seal lid to pass out of said water chamber
through said manhole when said mount plate is not
attached to said seal lid, said angle adjusting means
including a support rod rotatably mounted at one end
thereof on said support frame in threaded engagement
with said support frame, said support rod engaging a
back face of said mount plate opposite said front face at
an end of said support rod opposite said one end such
that screw rotation of said support rod pivots said plug
about said plug mounting means.

'17. The improvement as in claim 16, further compris-
ing means for removably fixing said at least two rigid
plate members to said mount plaie and for preventing
pivotal movement of said at least two rigid plate mem-
bers relative to each other and said mount plate.

18. The improvement as in claim 17, wherein said
removably fixing means includes side-by-side hold
plates removably sandwiched between said seal 1id and
said mount plate, bolts extending from said seal lid
through aligned holes in said hold plates and said mount
plate, and nuts on said bolts fastening said seal lid, said
mount plate and said hold plates together, each of said
hold plates having such cross-sectional area as to permit
individual passage thereof through said manhole when

~ separated from said seal lid and said mount plate.

19. The improvement as in claim 18, wherein said lid
member is circularly plate-shaped, said at least two rigid
plate members including two semicircular segment
plates and a center plate joined by said connecting
means to said segment plates, said connecting means
comprising hinges pivotably connecting opposite sides
of said center plate to said segment plates, said hold
plates forming a circular plate member consisting of
two semicircular plates facing each other along diamet-
rically extending edges thereof.

20. The improvement as in claim 19, wherein said two
flexible seal plates are circularly shaped and have diam-
eters greater than those of said circular plate member
and said lid member, outer peripheral edges of said two
flexible seal plates engaging an inner peripheral surface
of said nozzle portion.

21. The improvement as in claim 20, wherein said
manhole and said nozzle portion have circular cross
sections, the diameter of the cross section of said man-
hole being less than the diameter of the cross section of
said nozzle portion.

22. The improvement as in claim 16, further compris-
ing a cover removably closing said manhole in water
tight relationship.

23. The improvement as in claim 16, wherein sald

‘manhole and said nozzle portion have circular cross

sections, the diameter of the cross section of said man-
hole being less than the diameter of the cross section of

said nozzle portion.
x * %*x = =»
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